Introduction
the previous duration of AF [2] . Restoration does not seem to be complete in all patients presumably related to the Atrial fibrillation (AF) is the most common cardiac extent of damage occurring during AF [4, 5] . arrhythmia affecting millions of people worldwide and its
In an experimental pig model atrial contractile dysfuncincidence increases with age [1] . Clinical observations tion was observed after cessation of pacing induced AF of showed that immediately after restoration of sinus rhythm, a duration of only 1-30 min, indicating that contractile atrial contractile function is severely impaired or even remodeling, like electrical remodeling in the goat [6] , is an absent [2, 3] . The contractile dysfunction is reversible after early process [7] . There are strong indications that abnorrestoration of sinus rhythm, its time course being related to malities in calcium handling, in response to tachycardia induced intracellular calcium overload [8] [9] [10] , play a pivotal role in the induction of atrial contractile dysfunc-*Corresponding author. Tel.: 131-50-3612355; fax: 131-50-3614391.
tion [5, 7, [11] [12] [13] [14] . The proteins and ion channels involved E-mail address: i.c.van.gelder@thorax.azg.nl (I.C. Van Gelder) 1 in the adaptation processes during AF have not been
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Time for primary review 27 days.
0008-6363 / 99 / $ -see front matter © 1999 Elsevier Science B. V. All rights reserved. PII: S0008-6363( 99 )00045-0 Glyceraldehyde-3-phosphate dehydrogenase: F 59-CCC ATC ACC ATC TTC CAG GAG CG-39, -5 6 R 59-GGC AGG GAT GAT GTT CTG GAG AGC C-39 Phospholamban:
F 59-ATG GAG AAA GTC CAA TAC CTC ACT CGC-39, 2 5 5 6 R 59-TCA GAG AAG CAT CAC GAT GAT ACA GAT CAG-39 Sarcoplasmic reticulum calcium ATPase:
F 59-TGT TCA TTC TGG ACA GAG TGG AAG G-39 25 56 R 59-TTA ATA AAG TTG GCA GAG TCC TCA AGG-39 L-type calcium channel:
F 59-CTG GAC AAG AAC CAG CGA CAG TGC G-39, 3 2 5 6 R 59-ATC ACG ATC AGG AGG GCC ACA TAG GG-39 Sodium-calcium exchanger:
F 59-CTA CCA AGT CCT AAG TCA GCA GC-39, 2 7 5 6 R 59-GAT CCG AGG CAA GCA AGT GTA GA-39 Ryanodine receptor type 2:
F 59-AAG GCA TCG GGC TGT CAA TCT-39 28 56 R 59-CTT CCT CTG TCA CCA TCC CAA clarified yet. Most likely, identification of the signaling patients gave written informed consent. Immediately after pathways and their target genes may lead to new therapeuexcision, the RAAs were snap-frozen in liquid nitrogen tic options for the treatment of AF. Therefore, we investiand stored at 2858C. gated alterations in mRNA and protein expression of proteins involved in calcium handling of right atrial 2.2. RNA isolation and cDNA synthesis appendages (RAA) of patients with paroxysmal and persistent AF undergoing cardiac surgery. To overcome the Total RNA was isolated from RAAs using the method problem whether changes were caused by AF itself, or by of acid guanidinium thiocyanate / phenol / chloroform exthe concomitant underlying heart disease, we selected AF traction followed by a RNeasy kit for RNA minipreps from patients with a normal left ventricular function and tissues (Qiagen). The amount of RNA was evaluated by matched them for age, sex and left ventricular function absorption at 260 nm, using a GeneQuant II (Pharmacia with patients in sinus rhythm who underwent coronary Biotechnology, The Netherlands). The ratio of absorption artery bypass surgery.
(260-280 nm) of all preparations was between 1.8 and 2.0. respectively. All the products were checked on contaminathistory and previous electrocardiograms were used to ing DNA (data not shown). establish type and duration of AF. In addition, the patients were asked for medication use and exercise tolerance 2.3. Semi-quantitative PCR analyses (according to the New York Heart Association classification). Echocardiography data were obtained within 3
Since a linear relationship between the amount of input months before surgery. RAAs were obtained from eight template and amplification product exists within the expatients with paroxysmal AF and from ten with persistent ponential range of amplification, a semi-quantitative poly-AF without valvular heart disease and a normal left merase chain reaction (PCR) was developed [15] . The ventricular function. The AF patients were matched for cDNA of interest and the cDNA of the ubiquitously age, sex, left ventricular function, and as far as possible for expressed housekeeping gene glyceraldehyde-3-phosphate medication with 18 clinically stable patients in sinus dehydrogenase (GAPDH) were coamplified in a single rhythm undergoing coronary artery bypass surgery. The PCR reaction. Primers were designed for sarcoplasmic 21 Institutional Review Board approved the study, and all reticulum calcium ATPase (SR Ca -ATPase), phos- homogenized in RIPA buffer (1% NP40, 0.5% sodium pmol of sense and antisense GAPDH primer and water to deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 10 mM bring the final volume to 50 ml. All reaction mixtures were b-mercaptoethanol, 10 mg / ml PMSF, 5 ml / ml aprotinin, overlaid with 50 ml of mineral oil (Sigma, The Nether-100 mM sodium orthovanadate, 5 ml / ml benzamidine, 5 lands). After 3 min denaturation at 948C, n cycles (Table ml / ml pepstatine A, 5 ml / ml leupeptine in 13 PBS by use 1) of amplification were performed, each for 1 min at of an ultraturrax (Polytron, The Netherlands) with 10-s 948C, 1 min at 568C and 1 min at 728C, using the intervals. The homogenate was centrifuged at 14 000 rpm thermocycler Perkin Elmer 480 (The Netherlands). After for 20 min at 48C. After centrifugation the supernatant was the last cycle the 728C elongation step was extended to 5 carefully removed and used for protein concentration min. The PCR products were separated on 1-2.5% agarose measurement. This was done according to the Bradford gels by gel-electrophoresis and stained with ethidium method (Sigma, The Netherlands) with bovine albumin bromide. The densities of the PCR products were quanused as a standard. Samples of 10 mg protein were tified by densitometry (Aldus PhotoStyler 2.0, Grafic denaturated by heating to 958C before spotting on a TBS Workshop and ImageQuant Version 3.3). Linearity for the (10 mM Tris-HCl pH 8.0, 150 mM NaCl) wetted nitro-PCR reactions was established by making a correlation cellulose membrane (Bio-Rad, The Netherlands) by use of between the number of cycles and the density of the ratio a slot blot apparatus (Bio-Rad, The Netherlands). The gene of interest / GAPDH (data not shown). 21 membrane was washed twice with 200 ml TBS buffer and During the PCR for L-type Ca the three isoforms of the transfer was checked by staining the nitrocellulose this channel were amplified. The primers were designed to membrane with Ponceau S solution (Sigma, The Netheramplify the IVS1 upto IVS5 region of the a1 subunit. The lands). Blocking was performed for 20 min in blocking PCR fragment contained the IVS3B adult isoform, the buffer (5% nonfat milk, TBS and 0.1% Tween 20). After IVS3B deleted D1 isoform and the IVS3A fetal isoform, three times washing for 5 min in TBS with 0.1% Tween 20 which could be identified as products of 472, 442, and 355 the membranes were incubated for 90 min with primary bp, respectively, after digestion with DdeI (Promega, The 21 21 observed in ratios for L-type Ca and SR Ca ATPase in TBS also for 5 min. Subsequently, the blot was were determined. Increasing amounts of gene of interest incubated with the ECL-detection reagent (Amersham, The were added to a fixed amount of GAPDH. Therefore, Netherlands) for 1 min, and exposed to a X-OMAT X-ray 22 known amounts of GAPDH input template (range 10 to film (Kodak, The Netherlands) for 15-90 s. The band 24 10 ng, 410 bp) were added to a PCR sample mixture of densities were evaluated by densitometric scanning using a 0.5 unit of Taq polymerase (Eurogentec, Belgium), 17.5 Snap Scan 600 (Agfa, The Netherlands). To test the nM dNTPs, 103 PCR buffer, 2.5 mM MgCl , 40 pmol of linearity of the immunodetection system distinct amounts 2 sense and antisense GAPDH primer, 0.7 ml of cDNA of protein were analyzed. There was a linear relation mixture and water to bring the final volume to 50 ml, and between protein amounts spotted on the membrane and the 21 21 amplified for 25 cycles. Thereafter, a fixed amount of immunoreactive signals of L2type Ca , SR Ca -GAPDH input template was used in a PCR with known ATPase, PLB and GAPDH (data not shown). 
Fig. 1. Individual cDNA ratios for L-type Ca / GAPDH (A), SR Ca ATPase / GAPDH (B), PLB / GAPDH (C), Na / Ca exchanger / GAPDH (D) and RyR2 / GAPDH (E)
. Mean values are given for the four different groups6S.E.M. SR-CAF is the sinus rhythm control group for patients with chronic persistent AF, SR-PAF is the sinus rhythm control group for patients with paroxysmal AF. All data are represented in density units / density units. Significance was determined using the Tukey correction for multiple regression analysis for each mean of the four groups.
for Cox's MAZE surgery. The median duration of sinus 3.3. Validation of the absolute mRNA contents rhythm before surgery was 1.5 days. The median fre- 21 21 quency of paroxysms was once a day (median duration of To assess the amounts of L-type Ca and SR Caeach paroxysm was 3 h). Three patients with paroxysmal ATPase in the cDNA mixtures in different groups, a AF had AF at the moment of surgery and harvesting of the semi-quantitative PCR was developed with increasing RAA. Control RAAs were obtained from clinically stable amounts of input cDNA of interest to a standard amount of patients in sinus rhythm who were scheduled for coronary GAPDH cDNA (0.018 ng).The ratios were determined and artery bypass surgery. Although the AF groups and their plotted in a logarithmic way. This resulted in a straight line controls in sinus rhythm differed with respect to the demonstrating the validity of the method and enabling 21 21 underlying heart disease, all had a normal left ventricular estimations of differences of L-type Ca and SR Ca function and were in the functional class I or II for ATPase in the cDNA mixture ( Fig. 2A,B) . exercise tolerance. Also, echocardiographic atrial and left ventricular dimensions were similar among groups.
Alterations in proteins levels in paroxysmal and persistent AF

Alterations in mRNA levels in paroxysmal and
Changes in protein levels were studied for the genes 21 persistent AF which showed alterations in mRNA ratios (L-type Ca 21 and SR Ca -ATPase) and for PLB. Sufficient RAA tissue Changes in mRNA levels of the gene of interest were to carry out protein isolations were available from five determined by comparison of gene-of-interest / GAPDH patients with paroxysmal AF, five with persistent AF and ratios between patients with persistent AF or with paroxfive patients in sinus rhythm. The protein levels of geneysmal AF, and their matched controls in sinus rhythm. The of-interest / GAPDH ratios were determined. Fig. 3A shows densities of the amplified GAPDH of the four groups of the specificity of the antibodies used, Fig. 3B (257%) and SR Ca -ATPase / GAPDH (228%) (Fig.  ly, Fig. 4A,B) . The PLB / GAPDH ratio between the
1A,B). The cDNA ratios of PLB / GAPDH, Na / Ca groups was not statistically significant (Fig. 4C) . The exchanger / GAPDH and RyR2 / GAPDH were unchanged GAPDH levels were comparable between the different compared to the controls in sinus rhythm (Fig. 1C-E) . No groups (mean values not shown). No alterations were changes were observed in patients suffering from paroxfound in the protein levels of patients with paroxysmal AF ysmal AF. Table 3 shows that the cDNA ratio L-type (Fig. 4) . A positive correlation between the mRNA ratios 21 21 21 Ca / GAPDH in patients with persistent AF was neither and the protein ratios of L-type Ca and SR Cainfluenced by the underlying heart disease nor by any ATPase for patients with persistent AF and sinus rhythm (calcium handling influencing) drug.
could be demonstrated (Fig. 5) . Table 3 21 a
Effects of underlying heart disease and medication on the mRNA levels of l-type Ca channel a The values are expressed as mean (range, number of patients). CAF, chronic persistent atrial fibrillation; PAF, paroxysmal atrial fibrillation; SR (CAF), matched controls in sinus rhythm of patients with persistent AF; SR (PAF), matched controls in sinus rhythm of patients with paroxysmal AF.
* p value is 0.01 between SR-PAF with and without beta blocker (Mann-Whitney U-test). L-type Ca / GAPDH and SR Ca ATPase / GAPDH, respectively. Correlation was determined by the Spearman correlation test.
Isoforms of L-type calcium channel
were seen in the IVS3B deleted D1 form and the IVS3A 21 form. Any significant alteration in the L-type Ca ratios To investigate whether dedifferentiation occurred as an was observed in patients with paroxysmal AF (Fig. 7B adaptation process in patients with AF, the mRNA expres-D). sion level of the fetal isoform compared to the adult 21 isoforms of L-type Ca was determined. The amplified 21 PCR fragment of L-type Ca contained the IVS3A (fetal 4. Discussion form), the IVS3B (adult form) and the IVS3B deleted D1 form after digestion with DdeI (Fig. 6 ). No differences in 4.1. Main findings 21 percentages of the adult and fetal isoforms of L-type Ca were found in relation to the total quantity of the amplified We examined five different genes which play an im- 21 L-type Ca in the different groups (Fig. 7A) . The ratio of portant role in the calcium homeostasis of the myocardial the IVS3B form was significantly reduced in patients with cell. By examining the mRNA and protein expression in persistent AF ( p50.01, Fig. 7B) . No significant changes patients with paroxysmal AF and persistent AF, and for 21 21 Fig patients with AF are lacking. The observed reduction of 21 the SR Ca -ATPase mRNA and protein expression in atrial tissue of patients with persistent AF is comparable to data on left ventricular tissue of patients with severe heart failure due to dilated and ischemic cardiomyopathy [19] [20] [21] [22] [23] [24] . In our population, both mRNA and protein expression were reduced. In contrast, a discrepancy between adapta- Ca -ATPase mRNA level in patients with persistent AF. This interpretation would be consistent with functional abnormalities observed in the failing human ventricular myocardium [23] . For the ryanodine receptor the amounts of a RyR2 provide a means for altering the binding affinity of this putative site for calcium [27] . No differences were found 21 21 Ca without changes in L-type Ca isoforms in patients in the expression of RyR2 with or without insert between with persistent AF, fit in with the described changes in the the groups. This suggests that persistent AF did not induce above mentioned experimental models. Clearly, a lower differences in the calcium binding affinity and changes in various isoforms are generated by a developmentally in situations comparable to the embryonic situation, e.g. regulated, mutually exclusive exon splicing of the primary during higher heart rates as is the case during AF. transcript [28, 29] . No reversion of the adult isoform of Therefore, a reexpression of fetal proteins might have 21 L-type Ca to its fetal isoform was observed in patients occurred during AF. with AF. In contrast, however, Gidh-Jain et al. [30] demonstrated that in patients with left ventricular hy-4.4. No changes in gene expression in patients with pertrophy a significant increase of the mRNA contents of severe paroxysmal AF the fetal isoform and reversion of fetal / adult isoform ratio to the fetal phenotype was observed in ventricular tissue.
We observed significant alterations in expression of the In atrial goat tissue, Ausma et al. [31] showed that during investigated genes only in patients with long-standing (.8 pacing induced AF proteins which are present in emmonths) persistent AF. No significant changes were obbryonic / fetal myocardial cells, e.g. a-smooth muscle actin, served in those patients suffering from paroxysmal AF. were reexpressed. A reversion to fetal isoforms of certain Importantly, the included paroxysmal AF patients had ion channels and proteins might be hypothesized to occur severe AF with daily episodes of AF. Moreover, three 
